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Abstract: Patients with bilateral vestibulopathy (BVP) suffer from postural imbalance during daily life 

conditions which in turn leads to a high frequency of falls. Unfortunately, vestibular rehabilitation has only 

modest and somewhat inconsistent effects in this patient group. Approximately fifty percent of BVP-patients 

show an improved postural control after conventional vestibular rehabilitation training. New and more 

promising approaches are required. The individualized vibrotactile neurofeedback training (IVNT) in stance 

and gait conditions has already been described as highly effective in patients with various vestibular disorders. 

The purpose of the present multicenter study was to determine the efficacy of the IVNT in improving balance, 

reducing self-perceived disability, and improving gait in patients with confirmed BVP. In total, 22 patients 

performed the IVNT with the Vertiguard®-system for 10 daily sessions. The dizziness handicap inventory 

(DHI), the stance stability score of the sensory organization test (SOT) and the score for everyday life mobility 

in stance and gait tasks (SBDT) were obtained immediately before and after the rehabilitation training period 

as well as 3 and 12 months later. All measures improved significantly after the IVNT. Between 77.3% and 94.4% 

of patients showed an individual benefit (depending on outcome measure). The effect was not significantly 

reduced within the follow-up period of 12 months. The results demonstrate a high efficacy of the IVNT for 

vestibular rehabilitation in BVP patients. 
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1. Introduction 

Bilateral vestibulopathy (BVP) is an epidemiologically rare disease. It occurs in approximately 

28 of 100.000 people [1]. However, the prevalence increases with increasing age (9% in ≥ 65 years, 
12% in ≥ 80 years) [2]. When those patients have subjective, clinically relevant complaints, they 

usually suffer from postural imbalance and unsteadiness of gait during daily life conditions that 

worsens in darkness and on uneven ground. This in turn leads to a high frequency of falls. A recent 

study reported that 43% of BVP patients experienced at least one fall within a 6-months period and 

70% of them were recurrent faller [3]. The percentage of falls in patients with BVP is significantly 

higher than in individuals with unilateral vestibular dysfunction [4]. While 83% of patients with an 

uncompensated unilateral vestibulopathy (UVP) feel off-balance or unsteady, 58% of UVP patients 

have difficulty walking in the dark, 25% difficulties walking on uneven surfaces, 8% have blurred 

vision when moving the head and 8% drifting to the side when trying to walk straight, all those 

complains occur in 100% of BVP patients [1]. There are typically no symptoms while sitting or lying 

under static conditions. Some patients also complain of oscillopsia while walking. The etiology of 

BVP remains largely unclear in about 50% of patients (“idiopathic”). Frequent known causes are 
ototoxicity (e. g. due to gentamicin), bilateral Menière's disease, autoimmune disorders, meningitis 

and bilateral vestibular schwannoma, as well as a combination with cerebellar degeneration 
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(cerebellar ataxia, neuropathy, vestibular areflexia syndrome = CANVAS) [5]. Unfortunately, in the 

long term there is no improvement of vestibular function and there is currently no established causal 

medical treatment. The recent mainstay of treatment for patients with BVP is vestibular rehabilitation 

which relies on central compensation and reweighting of other sensory inputs [6]. Vestibular 

rehabilitation has been shown to be effective for numerous vestibular disorders, but is less efficacious 

in BVP patients [7]. Vestibular rehabilitation has only modest and somewhat inconsistent effects on 

postural control in this patient group [8]. Approximately fifty percent of BVP-patients showed an 

improved postural control after conventional vestibular rehabilitation training [9,10]. There is only 

moderate evidence that adults with BVP improve their gaze and postural stability following exercise-

based vestibular rehabilitation [11]. In particular, no significant effect was found on gait speed [9,12]. 

This is especially important since gait speed strongly correlates with the risk of falls. It was suggested 

that the benefits of physical therapy are less substantial in BVP-patients than in patients with other 

vestibular disorders because of multiple comorbidities and a slow progression in severity of the 

vestibular loss [1]. Thus, the efficacy of vestibular rehabilitation in BVP patients requires 

improvement. There is some evidence for an increased efficiency of conventional rehabilitation if 

combined with continuous application of a noisy electrical (galvanic) stimulation (nGVS) in patients 

with a bilateral vestibular loss [13]. Improvements of postural control after vestibular rehabilitation 

tasks with nGVS may be due to an increased information throughput within the vestibular system 

due to stochastic resonance. 

Another approach to improve and speed up vestibular rehabilitation is the individualized 

vibrotactile neurofeedback training (IVNT) in stance and gait conditions which has already been 

described as highly effective in patients with various vestibular disorders in randomized placebo-

controlled double-blind studies. In patients with multifactorial dizziness in old age, uncompensated 

unilateral vestibulopathies and in Parkinson's patients, a significant reduction in body swaying and 

the risk of falls has been demonstrated [14–17].  

The purpose of the present multicenter study was to determine the efficacy of the individualized 

vibrotactile neurofeedback training (IVNT) in improving balance, reducing self-perceived disability, 

and improving gait in patients with confirmed BVP. 

2. Materials and Methods 

All patients included in this study reported dizziness and instability under daily-life conditions. 

The total study sample included 22 participants who had chronic, uncompensated bilateral 

vestibulopathy. Ten female and twelve male patients with a mean age of 67.4 ± 11.3 years participated 

in the study.  

Vestibular testing included caloric testing (horizontal semicircular canal function), recording of 

cervical vestibular evoked myogenic potentials (cVEMP, saccular function), and analysis of subjective 

visual vertical (SVV, utricular function). Diagnosis of BVP was based on the slow-phase velocity of 

eye nystagmus (less than 6◦/s during bithermal (44°C and 30°C) caloric irrigation) [18]. Absent 

cVEMP responses werefound in 40.9% and pathologic SVV-results in 27.3% of the patients. None of 

the participants showed severe non-vestibular sensory deficits (e.g., polyneuropathy), an acute 

vestibular disorder, or medication that would actively influence the vestibular system (e. g. 

antivertiginosa). No other treatment was provided for balance disorders during the study period. 

2.1. Interventions 

Individualization of the rehabilitation program was based on a body sway analysis (mobile 

posturography) using the diagnostic function of the VertiGuard®-system (Zeisberg GmbH, 

Metzingen, Germany). The device was mounted with a belt at the hip close to the center of mass 

(Figure 1). Patients younger than 60 years performed the standard balance deficit test (SBDT). All 

other patients performed the geriatric standard balance deficit test (gSBDT). Both tests contain a set 

of 14 different everyday life stance and gait conditions [14,19]. The following tasks are included in 

the SBDT: 

− standing on two legs with eyes open/closed,  
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− standing on one leg with eyes open/closed,  

− eight tandem steps (one foot in front of the other) with eyes open,  

− standing with two legs on a foam support surface (height 10 cm; density 25 kg/m3) with eyes 

open/closed,  

− standing on one leg on a foam support surface,  

− eight tandem steps on a foam support surface,  

− walking 3 m while rotating the head,  

− walking 3 m while vertically pitching the head in rhythm,  

− walking 3 m forward with eyes open/closed,  

− walking over four barriers (height 26 cm with an inter-barrier distance of 1 m). 

The tasks “standing on one leg with eyes closed” and “standing on one leg on a foam support 
surface” were substituted by ‘‘stand up’’ and ‘‘sit down’’ in the gSBDT. 

For all stance tasks, the measurement time was 20 s and as long as required for gait tasks. The 

results of the body sway analysis were compared with age- and sex-related normative values. The 

individualized training program for vestibular rehabilitation consisted of up to six tasks including 

the SBDT/gSBDT tasks with the most prominent deviations from normative control values [14–15]. 

Individualized training was performed daily under supervision over 2 weeks, resulting in 10 

sessions as the weekend was excluded. The feedback (rehab) mode of the VertiGuard®-system was 

used for the training. A training session consisted of five repetitions of each selected training task. 

Each repetition took a maximum of 20 s. During training, participants received a vibrotactile feedback 

signal for those directions that showed a higher body sway than preset individual thresholds. The 

preset threshold for each training task was related to the age and sex of the patient and could be 

modified in a limited range to adjust the feedback on the participant’s daily training performance. 
No vibrotactile feedback was applied if the participant’s sway was below a preset threshold. 

 

Figure 1. Positioning of the VertiGuard®-system close to the center of body mass for posturography 

and vibrotactile vestibular rehabilitation. Four vibratory actuators (front, back, left and right) are 

placed on the belt together with the main device. 
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2.2. Outcome Measures 

Outcome measures were obtained immediately before and after the rehabilitation training 

period as well as 3 and 12 months later. The primary outcome measure was the Dizziness Handicap 

Inventory (DHI) questionnaire [20]. This questionnaire characterizes disabilities resulting from 

balance impairment, with scores ranging between 0 and 100. The maximum score represents the 

greatest disability. 

One secondary outcome measure was the SBDT/gSBDT composite score, recorded without any 

feedback signal. The SBDT/gSBDT composite score, a risk-of-falling indicator, was calculated as the 

sum of ratios of all SBDT/gSBDT task scores to their age- and sex-related normative values in 

anterior/posterior and lateral directions. This score is scaled between 0 and 100, where 100 represents 

the highest risk of falling and thus represents the lowest stability [19]. 

Furthermore, participants underwent the sensory organization test (SOT) on the ankle-sway 

referenced platform BalanceMaster (Nicolet Biomedical, Clackamas, Oregon, USA) as an additional 

secondary outcome measure for stance stability under different sensorimotor conditions. 

Measurements were taken during three repeated 20 s runs under six sensorimotor standing 

conditions [21]. The following stance tasks were performed in the SOT: standing with eyes 

open/closed, standing with a moving surrounding, standing on a tilting platform with eyes 

open/closed, standing on a tilting platform with a moving surrounding. The SOT composite score is 

scored between 0 and 100, with the highest score indicating maximal stability. 

2.3. Statistical Analysis 

Pre- and post-training values of all outcome measures were compared using the t-test for 

dependent samples if they were normally distributed, whereas for non-normally distributed data, 

the Wilcoxon’s test was used. The Kolmogorov–Smirnov test was chosen for testing the data 

distribution. The level for significance of all tests was a P value less than 0.05. The similar procedure 

was applied for the data analysis of follow-up results. Since not all patients showed-up for follow-up 

measures, the comparisons (pre, post, 3 months, 12 months) were only performed with results from 

patients which participated on all visits. A Bonferroni alpha-correction was applied for multiple 

comparisons. 

3. Results 

3.1. Comparison of the Pre-Post Rehabilitation Measures 

Objective parameters such as, SBDT and SOT scores, as well as subjective parameters such as 

DHI scores, were calculated before and after the training period (Figure 2). 
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Figure 2. Scores of the Dizziness Handicap Inventory (DHI), the Standard Balance Deficit Test (SBDT) 

and the Sensory Organization Test (SOT) before and after the individualized vibrotactile 

neurofeedback training (IVNT). 

The SBDT composite score before the training was 60.3 (±3.5), which was decreased to 50.4 (±3.6) 

after the training. This improvement of 16.4% was statistically significant. Seventeen out of 22 

patients showed a reduction of the score. A significant improvement in the SOT composite score was 

found when comparing pre- and post-training results: 47.5 (±2.8) and 58.8 (±3.5) respectively. The 

percentage increase of stance stability was 23.7%. Only one tested patient showed no improvement. 

DHI scores following the training were decreased: 55.1 (±4.6) pre-training to 34.7 (±4.0) post-training, 

this change representing a statistically significant improvement of 37% (Figure 2). In total, 19 out of 

22 patients showed a reduction of this primary outcome measure due to the IVNT. Only 3 patients 

showed nearly no change of the DHI-score after the training (Table 1). 

Table 1. Individual scores of the Dizziness Handicap Inventory before and after the individualized 

vibrotactile neurofeedback training (IVNT) and the related difference (post- minus pre-scores). 

Patient # DHI pre-IVNT DHI post-IVNT delta DHI post-pre 

1 70 44 -26 

2 96 76 -20 

3 72 62 -10 

4 28 36 8 

5 22 24 2 

6 52 28 -24 

7 76 26 -50 

8 74 24 -50 

9 24 12 -12 

10 64 28 -36 

11 42 22 -20 

12 26 14 -12 

13 54 41 -13 

14 42 16 -26 

15 28 24 -4 

16 58 40 -18 

17 62 16 -46 
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18 52 18 -34 

19 72 60 -12 

20 64 68 4 

21 42 28 -14 

22 92 56 -36 

3.2. Follow-Up 

Only ten patients participated in the 3- and 12-month visits. The data of all visits were analyzed 

for these patients separately (Figure 3). The SBDT composite score was significantly decreased from 

73.5 (±6.5) to 61.3 (±9.2) after the training (16.6% change) and remained stable during the next 12 

months (62.5 ± 8.8 after 3 months and 63.0 ± 9.7 after 12 months). 

The SOT-score showed also a significant change from 38.2 ± 3.3 to 49.5 ± 4.9 after the training 

(22.9% change).  There was a clear but not significant reduction of the score 3- and 12- months after 

the training (39.7 ± 4.0 after 3 months and 43.3 ± 4.2 after 12 months). 

The DHI-score was not significantly changed if compared before and after the training (49.7 ± 

8.9 before and 43.7 ± 7.3 after the training), after the training and 3-months later (40.7 ± 9.1) and 

between the next 9 months of the follow-up (38.7 ± 7.4). There was a statistically significant decrease 

of the DHI-score by 22.1% between the pre-training values and the 12 months follow-up (Figure 3). 

 

Figure 3. Scores of the Dizziness Handicap Inventory (DHI), the Standard Balance Deficit Test (SBDT) 

and the Sensory Organization Test (SOT) in patients which showed-up for the follow-up measures 

before and after the individualized vibrotactile neurofeedback training (IVNT) as well as 3- and 12-

months later. 

4. Discussion 

A vestibular rehabilitation by IVNT over 10 days was able to significantly enhance the 

objectively determined postural control during stance and gait tasks. These improvements were 

found in both objective methods, the ankle sway referenced platform system and the sway 

measurement close to the center of gravity. Interestingly, not only significant group improvements 

were found. 77,3% of all patients enhanced their postural control on an individual basis during 

everyday life stance and gait tasks and 94,4% during different sensorimotor stance tasks. These values 

are much more pronounced than earlier reported for any other vestibular rehabilitation in BVP 

patients. Gillespie and Minor (1999) [9] reported 51% improved patients after a conventional 
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vestibular rehabilitation and Herdmann et al. (2015) [8] reported between 38 and 86% (depending on 

the outcome measure). Interestingly, the latter study showed the highest success rate in functional 

tests (e.g., gait speed, dynamic visual acuity) and the lowest success rate in subjective scores. 

However, the increased stability of the patients in the present study was also reflected by a significant 

decrease of the subjectively reported dizziness handicap. This holds true as a group measure as well 

as on an individual basis. An individual decrease of the DHI-score was observed in 86.4% of all 

treated patients. This is a higher rate of improvement compared to other studies. A recent study, 

which combined conventional vestibular training with noisy galvanic vestibular stimulation for 

treatment of bilateral vestibulopathy failed to show a decrease in the DHI group value even if the 

postural stability during stance tasks could be significantly improved [22]. Brown et al., (2001) [10] 

differentiated between the percentage of patients with a DHI improvement and the percentage of 

patients with a clinically significant change of the DHI score. The minimal clinically significant 

change was defined as a change of 18 points. Unfortunately, the background of this cut-off value was 

not further explained. Based on this criterion, 33% of all patients in the study of Brown et al. (2001) 

[10] showed a clinically significant change of the DHI scores. In the present study, the rate of 

improvement as calculated due to Brown et al. (2001) [10] was even 54%. This evidently demonstrates 

the superior efficacy of the IVNT as vestibular rehabilitation measure in BVP patients. 

The follow-ups could only be performed in nearly one half of the patients. Those patients 

showed no significant group improvement in the subjective measure (DHI) directly after the training 

and 3 months later. Possibly, this is why they participated in the follow-up visits. The phenomenon, 

that mainly patients with subjective poor improvement show-up for follow-up visits is well 

documented [14]. Surprisingly, these patients enhanced their objectively measured postural control 

in the present study directly after the IVNT. A significant increase of the subjective improvement was 

only found 12 months after the training, even if the objective measures for postural control were 

nearly unchanged or not-significantly worse meanwhile. These opposite results are possibly related 

to the patients’ expectation. The postural control was lower in these patients before the training if 

compared to the entire group and the improvement directly after the training was “only” similar. 
Since the DHI-scoring is not linearly related to the patient´s handicap (DHI; 16–34 points = mild 
handicap, 36–52 points = moderate handicap), > 54 points = severe handicap) [23], the next step of 

improved handicap perception was possibly not fulfilled directly after the training. 

Anyway, all follow-up measures improved after the IVNT at least for 12 months which would 

suggest that such a long-term effect is not directly related to the IVNT training alone. The patients 

were probably mobilized and left their sedentary lifestyle since they were better able to maintain 

postural control during any physical activity. Thus, enhanced physical activity should have 

contributed to the reported long-term benefit as well. 

Author Contributions: Conceptualization, D.B., A.E. and A.S.; methodology, D.B. and A.S.; validation, A.S., 

M.R. and R.B.; formal analysis, M.G. and D.B.; investigation, C.B., M.R., D.B., A.S., K.W.; writing—original draft 

preparation, D.B.; writing—review and editing, A.E., M.R, A.S., C.B., K.W., R.B.; visualization, D.B.; supervision, 

A.E.; project administration, D.B. All authors have read and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: The Institutional Review Board approved the study protocol 

(EA1/134/09) and the study was conducted in accordance with the Declaration of Helsinki on Ethical Principles 

for Medical Research Involving Human Subjects. 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study. 

Data Availability Statement: All data is available upon request from the corresponding author. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Ward, B. K.; Agrawal, Y.; Hoffman, H. J.; Carey, J. P.; Della Santina, C. C. Prevalence and impact of bilateral 

vestibular hypofunction: results from the 2008 US National Health Interview Survey. JAMA Otolaryngol 

Head Neck Surg. 2013, 139(8), 803-810. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 July 2023                   doi:10.20944/preprints202307.0577.v1

https://doi.org/10.20944/preprints202307.0577.v1


 8 

 

2. Piper, K. S.; Juhl, C. B.; Andersen, H. E.; Christensen, J.; Søndergaard, K. Prevalence of bilateral 

vestibulopathy among older adults above 65 years on the indication of vestibular impairment and the 

association with Dynamic Gait Index and Dizziness Handicap Inventory. Disabil Rehabil. 2023, 45(7); 1220-

1228. 

3. Wuehr, M.; Decker, J.; Schenkel, F.; Jahn, K.; Schniepp, R. Impact on daily mobility and risk of falling in 

bilateral vestibulopathy. J Neurol. 2022, 269(11), 5746-5754. 

4. Herdman, S. J.; Blatt, P.; Schubert, M. C.; Tusa, R. J. Falls in patients with vestibular deficits. Am J Otol 2000, 

21, 847–851. 

5. Kim, J. S.; Kim, H. J. Bilateral vestibulopathy: the causes, diagnosis, and treatments. Curr Opin Neurol. 2022, 

35(1), 98-106. 

6. Medendorp, W. P.; Alberts, B. B. G. T.; Verhagen, W. I. M.; Koppen, M.; Selen, L. P. J. Psychophysical 

Evaluation of Sensory Reweighting in Bilateral Vestibulopathy. Front Neurol. 2018, 25, 9:377. 

7. Telian, S. A.; Shepard, N. T.; Smith-Wheelock, M.; Hoberg, M. Bilateral vestibular paresis: diagnosis and 

treatment. Otolaryngol Head Neck Surg. 1991, 104(1), 67-71. 

8. Herdman, S. J.; Hall, C. D.; Maloney, B.; Knight, S.; Ebert, M.; Lowe, J. Variables associated with outcome 

in patients with bilateral vestibular hypofunction: Preliminary study. J Vestib Res. 2015, 25(3-4), 185-194. 

9. Gillespie, M. B.; Minor, L. B. Prognosis in bilateral vestibular hypofunction. Laryngoscope 1999, 109, 35–41. 

10. Brown, K. E.; Whitney, S. L.; Wrisley, D. M.; Furman, J. M. Physical Therapy outcome for persons with 

bilateral vestibular loss. Laryngoscope 2001, 111, 1812–1817. 

11. Porciuncula, F.; Johnson, C. C.; Glickman, L. B. The effect of vestibular rehabilitation on adults with 

bilateral vestibular hypofunction: a systematic review. J Vestib Res. 2012, 22(5-6), 283-298. 

12. Krebs, D. E.; Gill-Body, K. M.; Parker, S. W.; Ramirez, J. V.; Wernick-Robinson, M. Vestibular rehabilitation: 

useful but not universally so. Otolaryngol Head Neck Surg. 2003, 128(2), 240-250. 

13. McLaren, R.; Smith, P. F.; Taylor, R. L.; Ravindran, S.; Rashid, U.; Taylor, D. Efficacy of nGVS to improve 

postural stability in people with bilateral vestibulopathy: A systematic review and meta-analysis. Front 

Neurosci. 2022, 16:1010239. 

14. Basta, D.; Rossi-Izquierdo, M.; Soto-Varela, A.; Greters, M. E.; Bittar, R. S.; Steinhagen-Thiessen, E.; Eckardt, 

R.; Harada, T.; Goto, F.; Ogawa, K.; Ernst, A. Efficacy of a vibrotactile neurofeedback training in stance and 

gait conditions for the treatment of balance deficits -a double-blinded, placebo-controlled multicenter 

study. Otol. Neurotol. 2011, 32, 1492-1499. 

15. Rossi-Izquierdo, M.; Ernst, A.; Soto-Varela, A.; Santos-Pérez, S.; Faraldo-García, A.; Sesar-Ignacio, A.; Basta, 

D. Vibrotactile neurofeedback balance training in patients with Parkinson's disease: reducing the number 

of falls. Gait Posture. 2013, 37(2), 195-200. 

16. Brugnera, C.; Bittar, R. S. M.; Greters, M. E.; Basta, D. Effects of vibrotactile vestibular substitution on 

vestibular rehabilitation - preliminary study. Brazil. J. Otolaryngol. 2015, 81(6), 616-621. 

17. Soto-Varela, A.; Rossi-Izquierdo, M.; Del-Río-Valeiras, M.; Faraldo-García, A.; Vaamonde-Sánchez-

Andrade, I.; Lirola-Delgado, A.; Santos-Pérez, S. Vestibular rehabilitation with mobile posturography as a 

"low-cost" alternative to vestibular rehabilitation with computerized dynamic posturography, in old 

people with imbalance: a randomized clinical trial. Aging Clin Exp Res. 2021, 33(10), 2807-2819. 

18. Strupp, M.; Kim, J. S.; Murofushi, T.; Straumann, D.; Jen, J. C.; Rosengren, S. M.; Della Santina, C. C.; 

Kingma, H. Bilateral vestibulopathy: Diagnostic criteria Consensus document of the Classification 

Committee of the Bárány Society. J Vestib Res. 2017, 27(4), 177-189. 

19. Basta, D.; Rossi-Izquierdo, M.; Soto-Varela, A.; Ernst, A. Mobile posturography: posturographic analysis of 

daily-life mobility. Otol. Neurotol. 2013, 34(2), 288-297. 

20. Kurre, A.; van Gool, C. J.; Bastiaenen, C. H.; Gloor-Juzi, T.; Straumann, D.; de Bruin, E. D. Translation, cross-

cultural adaptation and reliability of the German version of the dizziness handicap inventory. Otol Neurotol 

2009, 30(3), 359-367. 

21. Nashner, L. M. Computerized dynamic posturography. In: Practical management of the dizzy patient; 

Goebel, J. A. editor; Lippincott Williams & Wilkins. Philadelphia, USA, 2001, pp. 143–170. 

22. Eder, J.; Kellerer, S.; Amberger, T.; Keywan, A.; Dlugaiczyk, J.; Wuehr, M.; Jahn, K. Combining vestibular 

rehabilitation with noisy galvanic vestibular stimulation for treatment of bilateral vestibulopathy. J Neurol. 

2022, 269(11), 5731-5737. 

23. Jahn, K.; Saul, A. K.; Elstner, M.; Sapa, K.; Kellerer, S. Vestibular rehabilitation therapy and Nintendo Wii 

balance board training both improve postural control in bilateral vestibulopathy. J Neurol. 2018, 265, 70–73. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 July 2023                   doi:10.20944/preprints202307.0577.v1

https://doi.org/10.20944/preprints202307.0577.v1

